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SPECIFICATION 



Use of CD34 or a Polypeptide derived therefrom as Cell- 
surface/Gene Transfer Marker 



The present invention concerns the use of CD34 or a polypeptide 
derived therefrom as cell-surface/gene transfer marker. In 
particular the object of the invention is a gene transfer vector and 
host cells transduced by the vector, the vector containina a 
transgene and a nucleic acid sequence coding for CD34, a fragment of 
the same, or a variant of the same. The vector is particularly 
suitable for use in procedures for identification and/or select ion 
of genetically modified cells and in gene therapy. The invent ion 
thus further concerns kits for carrying out these procedures and the 
use of the vector in vitro and in vivo. 

Marker genes are important aids, enabling the identification arid 
selection of genetically modified cells in experimental imiminol. g:y, 
haematology and gene therapy. The low affinity nerve growth factor 
receptor (complete length, LNGFR, or intracytoplasma tier- lly 
truncated, ALMGFR) , variants of human and murine surface antigens 
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such as CD24 , CD2, CD4 ^ and the enhanced green fluorescent protein 
(EGFP) are currently most frequently used for this purpose. Hon(^ of 
these markers however appears to be optimal for clinical practice- . A 
marker suitable for this purpose should be of human origin, to a*'oid 
an immune response. Moreover it should only be presented on the 
genetically modified cells, without being released in the eKt ra- 
cellular space. In particular, the markers which, can be used for 
clinical practice should not disturb the physiological functions of 
the target cells-. The surface markers used hitherto are '"nly 
conditionally suitable, especially for clinical use, i.e. within the 
framework of gene therapy (cf. B. Fehse et al . , Gene Therap / 5 
(1998) 429-430) . 



The task of the present invention is therefore to make ava:i Ir-ble 
surface markers for, the identification and selection of geneticr, Ily 
modified cells, which do not have the disadvantages observed in 
connection with the - markers used in the state of the art. The 
markers should in particular be suitable, within the framework a 
gene therapeutic protocol, for the selection/identification of 
transduced cells of the haematopoietic system, especially primary 
human or murine T-lvTnphocytes , without interfering with the 
haematopoiesis . 

According to the invention the task is solved by use of the ':-'D34 
surface antigen, a fragment of the same_or a variant of the same . In 
particular . the task is solved by the object of the attached claims?. 



Within the framework of the present invention it was surpr is it igly 
ascertained that CD34 is excellently suited for the identificat ion 
and/or selection of genetically modified cells, v/ith it also bt-ing 
possible to use primary T-lymphocytes as target cells, which a.l ter 
transduction with a gene transfer vector within the framework of a 
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gene therapeutic protocol, can be delivered to a receiver organJ sru, 
without this resulting in disturbances of the haema topoie:- is . 
Although haematopoietic stem cells express CD34, the haematopoir sis 
is, unexpectedly, not negatively influenced by the surface rriai ker 
expressed by the genetically modified cells. In particular it v/as 
unexpectedly ascertained that the expressi on of C D 3 4 on the a it -it e t 
cells does not result in a negative influence on cell fund. ion 
and/or cell differentiation. It v/as moreover possible to shov/ t liat 
the expressed surface marker is not toxic to the target cells and - 
as this is a question of a human protein - it does not provoke an 
immunogenic effect in the recipient. 

As CD34 is naturally expressed only on very few cell t^pes, sucli as 
human haematopoietic progenitor or stem cells, CD34 is suitable,' in 
a particularly advantageous v/ay, for the purification, enrichment 
and analysis of cells which do not naturally express CD34, but 
especially for the identification and/or selection of geneticrnlly 
modified (transduced) cells, for which technologies exist in the 
state of the art, and are in particular also permitted for clinical 
practice, including well characterised monoclonal antibodies, v/hich 
permit enrichment of the marked cells with a high degree of pu.i ity 
according to GMP (good manufacturing practice) conditions. 

For the enrichment and analysis and/or detection of cells which do 
not naturally express CD34, a nucleic -.^cid sequence coding for c'D34 
(or for a fragment of the same or a variant of the same) can by 
means of a vector be introduced into these cells in a form suitable 
for expression there. 

For the marking of genetically modified cells, according to the 
invention a nucleic acid sequence coding for CD34 (or for a fragment 
of the same or a variant of the same) is transferred into the tarqet 
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ceil together with the gene sequence (transgene) used for the act-ual 
transduction. In this case the term "transgene'' is taken to mean a 
nucleic acid sequence which codes for a protein, polypeptide or 
peptide, which is expressed in the target cell (or host cell) and 
confers a new property or function upon this cell. The transciene 
thus differs from others within the frameworl-: of the transduct icr - of 
transferred nucleic acid sequences in that, the expression pro^Juct 
formed in the host cell directly influences the physiological 
properties and/or- the functionality of the cell. With regard to a 
gene therapeutic application the transgene is a nucleic r.cid 
sequence coding for a therapeutically effective protein, polypept ide 
or peptide. 

The object of the present invention is therefore a (gene transfer) 
vector, which contains 

(a) a transgene (optional) and 

(b) a nucleic acid sequence coding for a surface marker, 

the surface marker being the CD3 4 surface antigen or a fragment: of 
the same. Also included according to the invention are variants of 
these sequences, which have the same or essentially ident.i cai 
properties and advantages as to the CD34 surface antigen,, including 
all conceivable variants due to amino acid exchanges, deletions and 
insertions . 

According to a preferred embodiment of the im'ention, the c:d34 
surface antigen has the sequence indicated in SEQ ID NO : 2 , wheiein 
the nucleic acid sequence coding for this protein is preferably the 
sequence indicated in SEQ ID MO : 1 . Due to the degeneration of the 
genetic code, according to the invention variants and mutants of 
this nucleic acid sequence are included, which code for the sarne 
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protein. The invention further relates to fragments, mutants and 
variants of the sequence indicated in SEQ ID N0:1, which code fee a 
protein, polypeptide or peptide comparable with CD34, which iias the 
same or essentially identical properties and is suitable a;: a 
surface marker for the identification and/or selection of 
genetically modified cells . 

Within the framework of the present invention, it has been s}i:'vvn 
that nucleic acid sequences are advantageous, which code foi; a 
truncated form of the CD34 surface antigen, i.e. for variants in 
which proteinase C (PKC) phosphorylation sites are deleted. Plso 
included according to the invention are thus cytoplasmic--. Lly 
completely or partially deleted variants of the CD34 surface antigen 
and gene transfer vectors which contain nucleic acid sequeitcss 
coding for these variants. This nucleic acid sequence is prefer^ibly 
the sequence indicated in SEQ ID MO : 3 or 5. 



Within the framework of the present invention, it has been shown 
that the expression of the truncated/deleted variants of the ':.:D34 
protein according to SEQ ID NO : 4 and/or 6 allows genet ic-" .L ly 
transduced cells to be detected and selected in an especir.lly 
suitable way. As the two polypeptides differ from each other only in 
that the truncated variant {tCD34) is 15 amino acids longer than the 
deleted variant (dCD34), other variants can naturally also be tnfren 
into consideration, whose length lies ^^.etween the truncated and the 
deleted variant. Correspondingly the nucleic acid sequence coding 
for a surface marker will have a length which lies between the 
lengths of the sequences indicated in SEQ ID MO : 3 and 5. 



Within the framework of the present invention it has been 
ascertained that the truncated variant tCD34, compared witli the 
deleted variant, dCD34, has the advantage that the surface antjgen 
is anchored more stably in the membrane of the transduced cells. 



whereby the identification and selection of the genetically rnodi.l led 
cells are clearly improved due to the lower release in the 
extracellular space. According to a particular embodiment of the 
invention the nucleic acid sequence coding for the surface itia.i ker 
has in particular the sequence indicated in SEQ ID WO : 3 or a 
sequence derived therefrom by mutation. Due to the degeneration of 
the genetic code other nucleic acid sequences coding for t(.:D34 
according to SEQ ID MO : 4 also naturally come under consideration. 
Also, nucleic acid sequences which code for variants of the 
truncated CD34 surface antigen are included (including those 
obtained by amino acid exchanges, deletions and insertions), v/hich 
have the same or essentially identical properties to the polypepl ide 
indicated in SEQ ID NO: 4. 

The vector according to the invention can be a non-viral, viral or 
retroviral vector. A retroviral vector obtained according t-^ a 
preferred embodiment of the invention, which codes for tCD34, was 
deposited on 27.03.2000 at the Deutsche Sammlung fur Mikroorganirmen 
und Zellkulturen GmbH (DSMZ), Mascheroder Weg lb, D-38124 Bruns\-ick 
(Braunschweig), Germany, under accession No. DSM 13396. 

According to a preferred embodiment of the invention the gene 
transfer vector further contains a nucleic acid sequence coding for 
a further surface marker such as CD2, EGFP etc., or especially f 1: a 
therapeutic gene (such as adenos indes,aininase (ADA) for healing of 
the serious immuno-def iciency syndrome ADA-SCID; or others) or a 
suicide gene. A suicide gene as transgene enables later eliminalion 
of transduced cells. 



The term "transgene" according to the invention is taken to mean any 
nucleic acid sequence (foreign gene) which is not naturrtlly 
contained in the genome of the host or receiver organism or in the 
vector 
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genome and/or any nucleic acid sequence which is to be trans fe.i red 
to a receiver/host (receiver or host cell). 

A further object of the invention is a host cell which is transduced 
with an aforementioned vector. This host cell is distinct in that' in 
addition to the transgene it also contains the nucleic acid sequence 
coding for the surface marker and the marker is expressed on the 
surface of the host cell. The host cell can be a human or non-hnman 
(e.g. murine) cell, with (human) T-lymphocytes being preferred. 

The invention includes the use of a nucleic acid sequence (marker 
gene) coding for the CD34 surface antigen or a fragment of the .-^^^ame 
or a mutant, variant of the same (marker) for the detection of 
genetically modified cells, in which the nucleic acid sequence' is 
inserted into a gene transfer vector used for genetic modif icat:i on, 
which contains a nucleic acid sequence (transgene) to be transfe.ired 
into the cells, the marker gene and the vector being chosen so I hat 
the marker is expressed on the surface of the cells transduced v;ith 
the vector, the genetically modified cells being identified by 
specific detection of the marker. The object of the prer-^ent 
invention is thus a method to detect genetically modified cells, in 
which the cells are transduced with a "vector" and the transduced 
cells are detected by means of selective detection of the marker 
expressed on the surface of the cells. This detection can be carried 
out using various methods known to the_ expert, such as by means of 
flow cytometric analysis (cf. Fehse et al . , Hum. Gene Ther . 8 (1''91) 
1815-1824) or immunohistochemical methods (Ruggieri et al., Human 
Gene Ther. 8 (1997) 1611-1623) using monoclonal antibodies. 



A further object of the invention is a method for selection of 
genetically modified cells, in v;hich the cells are transduced v/ith 
an aforementioned vector and the transduced cells are bound to an 
agent specific to the surface marker, especially a (monoclor-al ) 
antibody, and the cells are thus separated from the genetically ti-n- 
modified cells (e.g. by magnetic cell sorting, Fehse et al . , Hum. 
Gene Ther. 8 (1997) 1815-1824; or other iminuno-adhesion techniques 
or fluorescence-activated cell sorting, FACS . cf . e.g. Phillip-i- et 
al., Mat. Med. 2 (1996) 1154-1156). 

As already mentioned, the cells used in the method according to the 
invention are human cells, preferably human T-lymphocytes . 



A further object of the invention is a kit to carry out the 

aforementioned detection method, containing an aforementi-, ned 

vector, means for the specific detection of the surface marker 

(including means for carrying out flow cytometry or 
immunohistochemistry ) , especially monoclonal antibodies as well as 

further agents and adjuvants needed to carry out the detection, ."uch 
as suitable buffers and blocking solutions. 



A further object of the inventions is a kit to ' carry out the 
aforementioned selection method, containing an af orement ic ned 
vector, means for specific binding of the surface marker, such as 
antibodies coupled to magnetic and^r paramagnetic beads, and 
further agents and adjuvants necessary to carry out the selection. 

As already mentioned above, the vector according to the invention is 
especially distinguished by its suitability for gene therapeutic 
applications. The invention therefore further relates to the 
application of the aforementioned vector for the production a 
gene therapeutic drug, especially for the transduction of (human) 



- 9 - 



T-iymphocytes , and a gene therapeutic drug containing this vector. 
Also included is the use of (human) T-lyinphocytes which are 
transduced with an aforementioned vector, for gene therapentic 
treatment. Finally the invention concerns a gene therapeutic drug 
containing (human) T-1 v-mphocytes which are transduced with the 
vector according to the invention. 

The present invention is described in more detail below vith 
reference to examples^ figures and a sequence protocol. 

Examples 



In the following examples the following general techniques are used: 

a) Cultivation of primary cells and cell lines. 

Mononuclear cells were isolated from the blood of healthy doivors 
by Ficoll gradient centrif ugat ion (Biochrom, Berlin, Germany) 
(900 g, 20 min.)- T-cells were stimulated with 10 ng/ml OFT-3 
(Cilag, Neuss, Deutschland) at a density of 2xlO'Vml in the 
presence of 100 U/ml IL-2 (Roche, Mannheim, Germany) in X-Vivc 10 
(BioWhittaker, Verviers, Belgium), which contained 8t autologous 
serum (F.A. Ayuk et al . , Gene Ther . 6 (1999) 1788-1792). Juj kat 
and K562 cells were kept in P.PMI 1640 which contained 10- fof tal 
calf serum (FCS) and 2 mM glut^^ine (all from Gibco r-'^B.L, 
Karlsruhe, Germany) . The producer cells of retroviral vect ors 
Phoenix ampho (http://www.standford.edu/group-/hclan; ML- 

phnxr.html, Grignani, F., Kinsella, T,, Mencarelli, A. et al., 
Cancer Res. 58 (1998) 14-19) and PG13 (ATCC CP.L-10-S6, 
http://www.ATCC.-org - cf. A.D. Miller et al . , J. Virol. 65 
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(1991) 2220-2224) were kept in Duibecco' s modified Eagie-l:[e( iiurn 
(DMEM + Glutamax; Gibco BRL) , supplemented with 10 hr-at- 
inactivated FCS and scdiijrn pyruvate (final concentration linl-J, 
Gibco BRL) . All cells were kept at 37 °C in a humidi.l led 
atmosphere in CO: incubators (Heraeus, Hannover, Germany) . 

b) Gene transfer in K562, Jurkat and primary human T-cells . 

Primary T-cells were stimulated with OKT-3 (see above) and 
cultivated for 3 days in the presence of 100 U/ml IL-2 . Juj kat 
and K562 cells were transduced without prior stimulation. 3:. 10" 
cells were suspended in 3 ml filtered Re trovirus-contair ling 
supernatant, and 4 |ag/ml protamine sulphate (Merck, Darmstridt, 
Germany) were added. The cells were centrifuged for one hour at 
2000 U/min in 6-well-TC plates (Becton Dickinson). TransductJ ons 
were repeated after 24 hours. The cells were kept in culture for 
at least 2 days before determination of the gene tranrfer 
efficiency . 

c) Southern, Northern and Western blot. 

Southern, bTorthern and Western blots were carried out in 
accordance with standard protocols (F.M. Ausubel et al . , Short 
protocols in molecular biology, 2nd edition, John Wiley and Sens, 
New York, 1992). Southern and Northern blots were hybridised v;ith 
radioact ively (^'"P) marked flCD34. For Western blots and 
immunoprecipitations cell lysates or cell culture supernatants 
were used as indicated below. 
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E:< ample 1: 

Cloning, production and genetic characterisation of flCD34-;> t:Cb 34- 
and dCD34- expressed retroviral vectors 

The three types of CD3 4 which were analysed in this study are 
represented in Figure la. The cDMAs for flCD34, tCD3 4 and dCD3 4 v.ere 
obtained by means of a RT-PCR with RMA, which had been obtained r rem 
human TFl leukaemia cells, ivhich express CD34 endogenously (Fi'.iure 
2b and data from flow cytometry, not shown) . In this procedure the 
RMA from human CD3 4 "-leukaemia cells (TFl) v/as isolated using the 
RMeasy Mini Kits- (Qiagen, Hilden, German). cDNA v/as synthesised 
using an oligo-dT primer and Superscript'^" Reverse Trans kriptase 
(Gibco BRL) according to the manufacturer's instructions. The open 
reading frame for flCD34 was obtained by means of PGR using Pfu 
polymerase (Stratagene, Amsterdam, Netherlands) and the printers 
CD34fw 5' -AAGGAAAAAAGCGGCCGCCATGCCGCGGGGCTGGAC-3' fSEQ ID MO:' 7) 
and CD34rev 5' -TAAGCTTATCACA_ATTCGGTATCAGCCACCA-3 ' (SEQ ID NO: S). 
The flCD34 cDNA served as matrix for the production of tCD34 and 
dCD34 using the primers CD34fw and CD341rev (5' 
CAATAAGCTTATCATGGTTCTAGTTCCAGCCTTTCTCCTGTGGGGCT-3' ; SEQ ID NO: 9) or 
CD34fw + CD34srev (5' -CAATAAGCTTATCAATTCATCAGGAAATAGCCAG-3 ' ; SEo ID 
NO : 10) . 

The sequencing of the subcloned PGR products revealed an A-G 
exchange (by comparison with the sequences M81104 and S53811 in 
GenBank; cf . D.L. Simmons et al., J. Immunol. 148 (1992) 267-2'/l), 
which leads to an exchange of glutamat^e for lysin in codon 349 cf 
flCD34. This codon lies in the cytoplasmat ic section of the protein 
and is not present in tCD34 and dCD34, so it was not modified for 
this study. All variants have the shorter signal peptide which is 
described in GenBank M81104 (cf. D.S. Simmons et al., J. Imi[iuiiol. 
148 (1992) 267-271). The cDNAs were cloned into the polylinker 
region of pKS and from the retroviral expression vector pSFall u:^'ing 
NotI and Hindlll restriction sections. The retroviral vectors ( Fj g . 
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lA) use the enhancer /promo ter of a variant of the murine spj een 
focus-forming virus (SFFVp) for initiation of the transcription, 
which shows moderate activity in murine and human T-cells (C. Paum 
et al., Virol. 88 (1995) 7541-7547; own results). They also contain 
an untranslated gag-replacement (GR) leader region which chiefly 
prevents the expression of aberrant proteins or peptides (M. 
Hildinger et al., J. Virol. 73 (1999) 4083-4089). Retroviral vectors 
with high infectious titres were obtained after transduction of the 
resultant plasmids in Phoenix-ampho packing cells. In this procedure 
Phoenix cells (amphotropic env-protein) were transduced using the 
calcium phosphate transduction kit (PeqLab, Erlangen, Germany). In 
some experiments a plasmid expression vector was co-transdufed , 
which codes for the glycoprotein of the vesicular stomatitis virus 
(VSV-G) f to obtain mixed amphotrope/VSV-G pseudotypes . This led to 
mixed pseudotypes with titres greater than lOVml, which allowed the 
infection of various human and murine cell types. To obtain stable 
retroviral producer cells and to test the integrity and capacity of 
the retroviral constructs, retroviral packing cells PG13 and hi.'rnan 
K562 erythroleukaemia cells were transduced with the supernatants of 
the transduced Phoenix cells. By subsequent sorting of CD34'-crlls 
and use of MACS technology (Magnetic cell porting; method for 
enrichment of microbeads -antibody-mar ked cells by means of spe-ial 
MACS columns which are placed in a strong magnetic field) P(;13- 
producer cell (Gibbon-Ape Leukaemia virus env-proteins ) mass 
cultures could be established. PG13 clones ivere isolated follov.-ing 
limited dilution. Southern-blot analysis of transduced polyclcnal 
PG13 and K562-cells showed the genetic stability of the constructs 
(Figure lb), whereby it was ensured that the following analyses v.ere 
carried out with cells, in which the transgenes were correctly 
processed. Supernatants of the cells were collected after six hours' 
incubation at 37 'C in X-Vivo 10 
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(F.A. Ayuk et al . , Gene Ther . 6 (1999) 1788-1792). Viral titres v;ere 
determined by transduction of Jurkat cells with serial dilutions of 
virus-containing supernatants and subsequent FACS analysis (B. Ff hse 
et al,, Hum. Gene Ther. 8 (1997) 1815-1824). 

Example 2 

Enrichment of genetically modified cells by CD34 

The flow cytometry showed that in murine fibroblast PG13 cells and 
in human K562 haematopoietic cells, the retroviral vectors expre.- sed 
all three CD34 variants (flCD34, tCD34 and dCD34 ) each in Ir. cge 
quantities. The differences in transfer-efficiencies correspond to 
the titres. of the packaging cells. Polyclonal populations of L'G13 
and K562 cells, which expressed the three different versions of ':*D34 
could easily be enriched to a high purity using cell sorting bosed 
on immuno-af f inity (MACS technology) (Figure 2A, B) . To do so, the 
cells were enriched three days after transduction using the <:D34 
progenitor cell isolation kit (Miltenyi Biotec, Bergisch-Gladb^-ch, 
Germany) in accordance with the manufacturer's instructions (B. 
Fehse et al., Hum. Gene Ther. S (1997) 1815-1824). After enrichment 
the cells were marked ivith phycoer ythrin-coupled anti-CD34 (HPCA-2), 
not interfering with the antibodies used for enrichment. The new 
phenotype remained stable in culture for several months both for 
K562 (Fig. 2B) and also for PG13 (data not shown). Wo influence of 
the variants on the proliferation of the transduced cells coul:! be 
detected. However flow cytometry sKovved that the cell suri ace 
expression of dC34 was weaker than that of the other two variants . 
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Example 3: 

The residual cytoplasmat ic part of tCD34 is involved in the mein b.i ane 
anchoring of the cell surface molecule. 

To examine the mechanisms on which the observed expres.-'ion 
differences are based, the three transduced variants of CD34 v/era 
examined at the level of the transcript and of the protein, ^'his 
took place using polyclonal populations of K562 and PG13 ceJIs, 
which had been transduced with the three versions of the retrov.I i:al 
CD34 vectors and -which had been immuno-selected for expression of 
CD34. The histogram of cell surface marking v/ith CD34, with v/hich 
the different variants were compared, demonstrated that the 
expression of dCD34 was an order of magnitude lower than that of 
tCD34, which was just as strongly represented on the cell surfacr- as 
flCD34 (Figure 3A) . Comparable data could be achieved with hiiman 
Jurkat lymphocytes (not shown). Northern blot analysis (Figure 3B) 
confirmed that the three variants had different transcript lenaths 
and identical total expression rates. The stronger signal .1 rom 
flCD34 in K5 62 cells could be explained by a higher loading v;ith 
RNA, which was revealed by methylene-blue staining of the membiane 
before hybridisation (not shown) . This result shows that the 3' end 
of the CD34 cDNA contains no sequences that influence the proces:'ing 
of the RNA. The loss of expression must therefore originate f com 
differences in the processing of the CD34 protein (Figure 3C, D) . 

Western blot analyses of the cell i:\^ates confirmed the results 
obtained by flow cytometry. Figure 3C shows the weaker expression of 
dCD34, compared with the two naturally occurring forms tCD31 and 
flCD34. This argues against the unlikely possibility that dCD34 is 
retained in the cytoplasma . The Western blot showed that dCD34, like 
tCD34, has a reduced molecular weight compared with f 1CD34 . 
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In summary these results show that the membrane anchoring of dCI'-34, 
which lacks the cytoplasmatic part, but still contains the complete 
transmembrane-domain, can be unstable. To investigate this que^itJon, 
non-concentrated cell culture supernatants of K5 62 cells whicli had 
been transduced either with dCD34 or tCD34 (Figure 3D) were immimo- 
precipitated . In fact CD34 was detected in clearly incrensed 
quantities in the supernatants of the dCD34 expressing ce3.1s . 
Therefore the reduced cell surface expression of dCD34 can be 
explained by release from the membrane. From this it can be 
concluded that the residual cytoplasmatic part of the tCD34 has an 
important function in membrane anchoring and through this prevc^n ts 
the release of the cell surface protein. 

Ek ample 4 

Expression of tCD34 in human T-lymphocytes 

On the basis of the results available, tCD34 was selected as the 
most interesting variant for the marking of cell surfaces and the 
immuno-selection of genetically modified cells. An essential 
application of this technology is the enrichment of genetically 
modified lymphocytes for use in adoptive immunotherapy in patients 
(C. Bonini et al . , Science, 276 (1997) 1719-1724; P. Tiberghien et 
al.. Hum. Gene Ther. 8 (1997) 615-624. It was therefore examined, 
whether the retroviral vector-mediated expression of tCD34 in hiiuian 
T-cells is feasible. 

The transduction of human T-cells is best carried out u.^^ing 
retroviral vectors which are pseudo-s tandardized with the nv- 
protein of the Gibbon Ape Leukaemia Virus (GALV) . These vectors can 
be produced in PG13 cells (F.A. Ayuk et al . , Gene Ther. 6 {1:.^99) 
1788-1792; B.A. Bunnell et al.. Blood 89 (1997) 1987-1995). Stoble 
clones of PG13 cells, which express the retroviral vector Sfa'lltCD34 
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at high titres were obtained by limited dilution of the 
corresponding mass culture. On 27.03.2000 a specimen of this 're' tor 
was deposited with the DSMZ in Brunsv/ick (see above) under no. DSM 
13396. Supernatants of these producer cells v/ere used for the nene 
transfer in human Jurkat T-lvTnphoblas toma cells (Figure 4A) and in 
primary peripheral blood lymphocytes ( PBLs ) which had I een 
stimulated with IL-2 and OKT-3 (Figure 4B) . As was determined by 
flow cytometry, the expression of tCD3 4 in Jurkat cells was slightly 
higher than in primary T-cells . A similar difference was nlso 
observed with a retroviral vector which contains identical 
transcription control elements, but expresses EGFP instead of t(.'D34 
(not shown) . The expression of tCD34 was strong enough to enable a 
separation of these cells using MACS technology both with Jurkat and 
PBLs. The immuno-selected cells were always obtained with Ij i.gh 
purity (Figure 4) . These cells were observed in culture for up to a 
week. They remained CD34 positive and showed no obvious changes in 
proliferation or morphology. 



Example 5: 

The use of tCD34 to track genetically modified murine eryth r< ■ id , 
myeloid and lymphoid cells in vivo. 

Finally it was examined whether tCD34 can be used to mark 
retrovirally modified murine haematopoietic cells, including primary 
T-cells in vivo, which are obtained after transplantation vith 
multi-potent precursor cells. Mon-f c^^tionated mononuclear l-one 
marrow cells were transduced with retroviral vectors which expjt ess 
tCD34 or as a control EGFP. These vectors were identical with reuard 
to the cis-acting elements, ivhich control the gene expres.^-ion 
(Figure 1) . In particular the cells were obtained as follows: 1" one 
marrow cells were obtained from the fibia and the femurs of male 
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C57B1/6J donor mice (age 12-16 weeks) 4 days after intraperi totteal 
delivery of 5-f luorouracil (Sigma) (150 mq/\:g) , Mononuclear cells 
were pres timulated in IMDM medium (Iscove's Modified Dulbec'o' s 
Medium) , which had been supplemented with 20 fetal calf serum, mM 
glutamate, 100 U/ml penicillin, 100 pg/ml streptomycin and a no.i uial 
growth factor cocktail containing murine IL-3 (10 ng/ml), human lL-6 
(200 U/ml) and murine SCF (50 ng/ml). Recombinant growth factors 
were obtained from Strathmann Biotech (Hannover, Germany) . After two 
days' prestimulation cell-free supernatants of mixed ampho/'-'SV- 
pseudo-standardized retroviral particles were added. The 
multiplicity of infection (MOI) amounted to 0.7 infectious parti' les 
per cell, calculated from previous titration of aliquots of 
supernatants on SC-1 fibroblasts. Polybrene (sigma) (4 pg/mi) was 
added and the cells were centrifuged for an hour at 2000 U/min. This 
process was repeated three times within 48 hours, with a pause o.f at 
least 8 hours between the individual transduction steps . Comparr.ble 
transduction rates were achieved, by using cell-free super nat-wvts 
with equivalent titres . One day after the transduction was 
completed, the cells were transplanted into the tail veins of 
lethally irradiated (10 Gy) female recipients (n=6 for each vedor) 
at a dose of 2.2x10' cells per mouse. Mine v/eeks after the 
transplantation, the peripheral blood cells v/ere analysed by m-; ans 
of flow cytometry with respect to the expression of the transgenc in 
erythroidal cells (determined by scatter properties), and in myeJoid 
cells, B-lymphocytes and T-lyinphocy^es (identified using the 
monoclonal antibodies CDllb, B220, and a combination of CD4 and 
CD8) . Cells of these lines, including T-lymphocytes , expressed t('D34 
in easily detectable quantities (Figure 5A) , from which it can be 
concluded that the transgene and surface-marked cells normrt Un- 
differentiate in vivo, and transgene expression remains stal-le. 
Whilst EGFP and tCD34 could be found in a comparable frequency in 
myeloid and 
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erythroid cells, it was possible to observe a tendency for IvTiiplioid 
cells with tCD34 to become somewhat less marked (Figure 5B). 

Legends to figures 

Figure 1 

Retroviral vectors for the expression of all three variants of CD34. 

(A) (above) Schematic representation of the three CD34 variants, 
(modified from D.S. Krause et al . , Blood 37 (1996) 1-13): The 
cytoplasmatic tails' of flCD34, tCD34 and dCD34 comprise 73, 16 and 1 
amino acids; (bottom) proviral form of the retroviral vectors used 
for expression of CD34 . Size of the proviral form is approx. 2.6 kb . 
The long terminal repeat (LTR) is from a variant of the mu.i ine 
spleen focus forming virus. The untranslated leader region contains 
the retroviral packing signal (4^) without gag sequences. The cIHlAs 
were inserted using MotI and Hindlll restriction sites. 

(B) Southern blot analysis of the immuno-selec ted K562 and f. G13 
cells transduced with the three different retroviral CD34 expresrion 
vectors. Genomic DNAs were digested with Pstl. Hybridization v;ith 
the probe human flCD34 revealed correct insert lengths, as 
indicated. Hybridisation signals of higher molecular weight result 
from cellular genes. M, DMA molecular weight marker ladder mix MxlBI 
Fermentas, St. Leon-Rot, Germany). — 
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Figure 2 

Enrichment of PG13 and K562 cells based on stable expression of 
retrovirally transduced CD34 . 

(A) PG13 cells after transduction with Phoenix supernatants befor--^ 
(PG13 pre, analysed two days after transduction) and irnrnedia tely 
after (PG13 post) enrichment using immuno-af f ini ty columns. 

(B) K562 cells before (K562 pre, analysed two days after 
transduction) and two months after {K582 2mo post) enrichment using 
immuno-af finity columns. 

Figure 3 

The cell surface expression of dCD34 is reduced because of release 
into the cellular supernatant. 

(A) Overlay histogram of CD34 expression in uncloned, K562 crlis 
transduced with dCD34 (d), tCD34 (t) or flCD34 (fl); determina t- ion 
by flow cytometry two months after immunoaf f inity-based enrichment 
with a resulting purity of 96-, 98-r and 97- respectively; cp-ll- 
surface expression of dCD34 is about one order of magnitude reduced 
as compared with tCD34 and flCD34. Similar results were obtained 
with Jurkat cells (not shown) . 

(B) Northern blot analysis of total RNA, harvested from inass 
cultures of K5 62 and PG13 cells transduced with the three variants 
of the CD34 expression vectors or untrajisduced cells (-) . TFI cells 
are shown as a positive control, with an endogenous expression of 
flCD34 (lower band, approx . 2.3 kb) and tCD34 (upper band, app.tox. 
2.5 kb) (Krause et al., loc. cit . , 1996). Comparison with the 
loading control (methylene-blue stained filter, not shown) confi.Tmed 
comparable expression levels of all three retroviral PlTAs in 
transduced cells . 



(C) Western blot analysis of cell lysates, harvested from transduced 
and untransduced PG13 and K562 cells (the same cultures as in (A) 
and (B) ) . Weaker expression of dCD34 is confirmed. It should be 
noted that dCD34 and tCD34 have a lower molecular v/eight (appro?:. 
100 kDa) , compared with flCD34 (approx. 110 kDa ) . 20 pg protein vere 
loaded per lane, CD34 was detected using the monoclonal antiJ ody 
QBEND 10, HRP conjugated goat-anti-mouse IgG and the SuperSignal 
West Pico Chemolumines cence substrate (Pierce, Rockford, Illinois? . 

(D) • Immuno-precipitation with HPCA-2 antibodies from cellular 
supernatants of K562 cells, which had been transduced with tCD34 (t) 
or dCD34 (d) or from non-transduced cells (-) The arrow indicates 
soluble CD34. Cell lysate of K562:flCD34 cells are shown a;? a 
positive control (co), just as immuno-precipitated lysates of 
K5 62:flCD34 cells. Detection was carried out by means of Western 
blot, as described above. 

Fl gure 4 

Enrichment of genetically modified human T-cells, including priiMary 
peripheral blood lymphocytes ( PBL) using retroviral vectors, wltich 
expressed tCD34. The isotype control is shown as an insert (iso") in 
the dot blot analysis, which was obtained from the (pre) magnetic 
cell sorting (MACS technology) In independent experiments the 
purity after enrichment (post) was 95.5'-, 96.9'- and 97.3- for PBL 
after an initially positive signal of -6^7":, 23.9' and 23.4"-. 

Figure 5 

Expression of tCD34 on murine peripheral blood cells in vivo. 

(A) Representative dot blots which show the expression of tCD34 in 
the blood of mice, status 9 weeks after bone marrow 
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transplantation with retrovirally marked ceils. Peripheral blood 
cells of C57B1/6J mice were obtained by bleeding the tail veins and 
were tested by means of flow cytometry for expression of tCD34 . By 
means of scatter profile and derivation-specific antibodies, myeloid 
cells (CDllb), B-cells (B220), T-cells (cocktail of CD4 and CD8 ) and 
erythrocytes were differentiated, the latter being determined by 
size corresponding to the forward scatter (FSC). The markers vsre 
adjusted on the basis of isotype controls. 

(B) The marking efficiency with tCD34 is comparable with resvilts 
obtained with EGFP . The multiplicity of the infection was adapted to 
an equal gene transfer efficiency, as indicated by equal markinci in 
myeloid and erythroid cells. It should be noted that there is a 
tendency for IvTnphocytes with tCD34 to be slightly less marked than 
those with EGFP . The average values are shown (percentage of marker- 
positive cells) with standard deviations. There were six animals 
within each experimental group. 

Figure 6 

pUC-based plasmid ( Ampicillin-resistance , ColEl ori). The cDMA of 
the cytoplasmatically truncated variant of human CD34 (tCD34) is 
located between NotI (5' -end) and Hindlll (3' -end). 

In the plasmid pSFalphal ltCD3 4 the reading frame of tCD34, a sp.i ice 
variant of the human CD34 differentiation antigen, is locr-ted 
between MotI and Hindlll. It lies functionally under the controJ of 
an eukaryontic promoter V7ith a subsequent 5 ' -untrans lated reciion 
(Region 150 bp upstream of Xbal to MotI, comprising sequences of the 
murine retroviruses MPSV and MESV) . The corresponding signal in the 
long terminal repeat (LTR) of the SFFV retrovirus initial tes 
polyadenylation; this LTR is located between Hindlll and Xhol. The 
transcription-regulating signals are only recognized in the case jf 



transf action in eukaryontic cells. The sequences downstream ;f rorn 
Xhol to ca. 15 0 bp upstream from Xbal comprise the plasmid backbone 
based in pUC19, which mediates the ampicillin resistance in 
transformed bacteria and bears the replication origin for the 
plasmid . 



